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STUDY OF SURFACE CHARACTERISTICS DETERMINING THE ELECTRON CLOUD GROWTH

N .  H i l l e r e t 

The results presented have been obtained thanks to the collaboration of :

V. Baglin, J. Barnard, Y. Bozhko, G. Dominichini, J. Genest, B. Henrist, C. Scheuerlein

TOPICS:

* Pure metals     Technical materials   : The influence of  the surface

* Changing the S.E.Y.  :

    S u r f a c e  c o m p o s i t i o n 

    S u r f a c e  r o u g h n e s s 

    I r r a d i a t i o n  b y  e n e r g e t i c  p a r t i c l e s 

* Conclusions
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 T H E  S E C O N D A R Y  E L E C T R O N  E M I S S I O N 

O L D  S U B J E C T   :  A U S T I N  – S T A R K   ( 1 9 0 2 ) 

M O S T  O F  P U R E  M E T A L S  M E A S U R E D  B E F O R E  L A S T  W A R 

W H Y  M E A S U R E M E N T S  I N  2 0 0 0 ? ? 

H O W  T O  M E A S U R E  I T ? ? ? 

I M P O R T A N C E  O F  L O W  P R I M A R Y  C U R R E N T 
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SECONDARY
ELECTRONS

ELECTRON  GUN
(0-3 kV)

SAMPLE

SECONDARY  ELECTRON
COLLECTOR (cage)

PRIMARY
ELECTRONS

Time

Primary beam
intensity

30 ms, xx nA

PRIMARY ENERGY

E max

δ

1  MEASUREMENT

Q = xx 10-11 C. mm -2

Qtot <  10-8 C. mm -2
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PURE METALS AND TECHNICAL MA TERIALS

C O M P A R I S O N  B E T W E E N  P U R E  M E T A L S  A N D  T E C H N I C A L  M A T E R I A L S 

O R I G I N  O F  T H E  D I S C R E P A N C Y   = >  O X I D E S  +  C O N T A M I N A N T S 

I N F L U E N C E  O F  O X I D E 

I N F L U E N C E  O F  W A T E R 

S E C O N D A R Y  E L E C T R O N  Y I E L D  C O M M O N  T E C H N I C A L   M A T E R I A L S 

S E C O N D A R Y  E L E C T R O N  Y I E L D  O F  I N S U L A T O R S  = >  I N F L U E N C E  O F  T H E  P U R I T Y 
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SECONDARY ELECTRON YIELD
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SECONDARY ELECTRON YIELD VERSUS ARGON ION DOSE
ALUMINIUM SAMPLE
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SECONDARY ELECTRON YIELD OF CONDENSED 
WATER

0.8

1

1.2

1.4

1.6

1.8

2

2.2

2.4

0 500 1000 1500 2000 2500
ENERGY(eV)

S
E

C
O

N
D

A
R

Y
 E

LE
C

T
R

O
N

 
Y

IE
LD

Clean sample

45 monolayers of water

85 monolayers of water

200 monolayers of water



NH - St.FE 00
ESEC 6

SECONDARY ELECTRON YIELD
As received
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SECONDARY ELECTRON YIELD OF INSULATORS
AFTER A 250 ºC BAKE OUT
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REMEDIES

T H R E E  T Y P E S  : 

* C H A N G E  T H E  S U R F A C E  C H E M I S T R Y 

 A D D  L A Y E R S  ( T i N ,  g e t t e r s , … ) 

 R E P L A C E   N A T I V E  S U R F A C E : 

                                       R E A C T I V E  S P U T T E R I N G  ( N 2  G . D . ,  A O 2  G . D . ) 

 V E R Y  S E N S I T I V E  T O  A I R  E X P O S U R E 

 N E E D  R E B A K I N G  T O  B E  A T  T H E I R  B E S T 

* C H A N G E  T H E  S U R F A C E  T O P O G R A P H Y : 

B L A C K  L A Y E R S :           A Q U A D A G   ,     G O L D  B L A C K   ,    S O O T 

O X I D E  G R O W     e . g .     C O P P E R  O X I D E 

 M O R E  E L A B O R A T E D  T H I N G S … . L E S S  S E N S I T I V E  T O  A I R  E X P O S U R E 
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SECONDARY ELECTRON YIELD OF A GETTER 
LAYER
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SECONDARY ELECTRON YIELD OF VARIOUS INSULATING 
MATERIALS AS RECEIVED
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EFFECT OF A NITROGEN GLOW DISCHARGE ON COPPER
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REMEDIES

* T H E  D O S E  E F F E C T 

I N  S I T U  T R E A T M E N T :   C O N D I T I O N N I N G , 

F O R  A L L  M A T E R I A L S 

V E R Y  E F F I C I E N T 

… … . P R O V I D E D  O P E R A T I O N  I S  P O S S I B L E  W I T H  A  S I G N I F I C A N T 

B O M B A R D M E N T  O F  T H E  S U R F A C E S 

B U T    R E C O N D I T I O N N I N G  N E E D E D  A F T E R  A I R  E X P O S U R E 

* T E S T E D  I N  E P A   ( 5 0 0  M e V  a c c u m u l a t o r    E c =  1 9 4  e V ) 

* S T I L L  N O T  F U L L Y  U N D E R S T O O D  :  E L E C T R O N  S T I M U L A T E D 

C A R B O N  L A Y E R  F O R M A T I O N ? ? 
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VARIATION OF THE SECONDARY ELECTRON YIELD WITH THE PRIMARY ELECTRON DOSE
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VARIATION OF THE SECONDARY ELECTRON YIELD AS A 
FUNCTION OF THE POSITION, BEFORE AND AFTER DOSING
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VARIATION OF THE SECONDARY ELECTRON YIELD WITH THE 
PRIMARY ELECTRON DOSE
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INFLUENCE OF THE ELECTRON ENERGY ON THECOPPER SECONDARY ELECTRON YIELD 
VARIATION 
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SEY variation with  the beam energy at 2 different electron doses 
Material: Colaminated copper on stainless steel
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Variation of the secondary electron yield with the electron dose 
for 2 consecutives bombardment (1e-6 A, 500eV).
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THE EPA EXPERIMENT

SYNCHROTRON LIGHT FAN

SAMPLE

ELECTRON GUN

SECONDARY COLLECTOR

SAMPLE
In measuring position
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THE SECONDARY ELECTRON TEST SYSTEM IN EPA
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SEY vs photon dose at EPA
Critical energy 194 eV
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SEY vs photon dose at  EPA
Critical energy 194 eV, Sample polarised at + 100 V 
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SECONDARY ELECTRON YIELD VERSUS DEPOSITED ENERGY 
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CONCLUSIONS

S . E . E  I S  S T R O N G L Y  S U R F A C E  D E P E N D E N T : 

M O R E  I N F L U E N C E D  B Y  T H E  S U R F A C E  P R E P A R A T I O N  T H A N  B Y  T H E 

B A S E  M A T E R I A L  I T S E L F 

W O N D E R  L A Y E R S  N E E D  T O  B E  P R O D U C E D  I N - S I T U  O R  B A K E D 

O U T  T O  B E  F U L L Y  E F F I C I E N T 

N A T U R E  I S  K I N D  A N D  G A V E  U S  “ T H E  D O S E  E F F E C T ”  : 

P R O V I D I N G  L O W  S . E . Y  F O R  A L L  M A T E R I A L S 

(   M A X ~  1  - >  1 . 2  ) 

P A T I E N C E  I S  N E V E R T H E L E S S  M A N D A T O R Y 


